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SUMMARY 


An investigation has been made, at low subsonic speeds in the Langley 7- by 
10-foot transonic tunnel, to determine the effects on the static ^-onEitudinal an 
lateral aerodynamic characteristics of changing body cross-sectiona pe 

circular to eSiptic on a body having a fineness ratio of 10.00 and designed to 
have low wave drag at hypersonic speeds. Variations in the cross-section 
horizontal-axis — vertical-axis ratios from 0.4o to 2.50 were investigated, as 
well as the effects of body camber for the bodies with horizontal -axis ver l 
axis ratios from 1*00 to 2.50. 

Increasing horizontal-axis— vertical-axis ratio indicates that the oval- 
shaped body of increasing flatness is progressively more eff ^ent 
lift than the circular- shaped body. The production of drag due to lift is also 
more efficient for oval-shaped bodies of increasing flatness and results m 
increased maximum lift-drag ratio as horizontal-axis— vertical-axis ratio is 

increased. 

Changing major-axis-minor-axis ratio with the major axis either horizontal 
or vertical results in a slight rearward shift in body center of pressure at low 
angles of attack, as compared with the circular body. Increasing horizontal- 
axis— vertical-axis ratio resulted in decreasing longitudinal stability. 

The use of body camber indicates only small effects of displacing the lift, 
drag, and pitching-moment curves, with little or no effect on lift-curve s ope, 
longitudinal stability level, maximum lift-drag ratio, or body center-of-pressur 

location. 

For the moment reference point of the present investigation, each of the 
bodies indicated negative values of static directional stability, wi re uc ion 

in directional instability accompanying increases in horizontal-axis— vertical- 
axis ratio. These reductions in directional instability are apparent yes 
as the decreases in longitudinal stability for the body rotated 90 . The use of 
negative camber provide! a positive increment in directional stability above an 

angle of attack of 6 . 
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INTRODUCTION 


Experimental and theoretical studies relating to the effects on the longi- 
tudinal and lateral aerodynamic characteristics of changing the cross-sectional 
shape of low-fineness-ratio cones from circular to elliptic have been made at 
speeds from high subsonic to supersonic. (See refs. 1 to 5.) The results of 
these investigations have indicated considerable improvement in maximum lift-drag 
ratio and lift-curve slope. Reference 2 shows that at supersonic speeds reduc- 
tions in the pressure drag of a cone of given length and base area are realized 
at low angles of attack as the cross section is changed from circular to elliptic. 
Little or no aerodynamic information exists, however, for either conical or con- 
toured bodies having variations in cross section at low subsonic speeds. Whereas 
the low-fineness-ratio bodies have application as possible manned reentry shapes, 
externally contoured bodies of higher fineness ratio may have application as 
large-volume fuselages for hypersonic cruise vehicles with horizontal take-off or 
landing capabilities. Any gain in the performance and lifting capabilities of 
these fuselages would be reflected in improved take-off and landing characteris- 
tics of the configuration. 

The present investigation was initiated, therefore, to provide information 
at low subsonic speeds on the effects on the longitudinal and lateral aerodynamic 
characteristics of changing body cross-sectional shape from circular to elliptic 
for a body with an equivalent fineness ratio of 10.00 and designed to have low 
wave drag at hypersonic speeds. Variations in the cross-section horizontal- 
axis vertical-axis ratio from 0.^0 to 2.50 were investigated for configurations 
having constant length and the same longitudinal distribution of cross-sectional 
area. Included in the investigation are the effects of body camber for the bodies 
having horizontal-axis— vertical-axis ratios from 1.00 to 2.50. Tests were con- 
ducted at a free- stream Mach number of 0 . 4 o corresponding to an average test 

Reynolds number per foot of approximately 2.51 X 10 ^. The angle-of-attack range 
was from approximately -1° to l8° at angles of sideslip of 0° and ±5°. 


SYMBOLS 


Longitudinal data are presented about the stability axes, and lateral data 
are presented about the body axes. All coefficients are nondimensionalized with 
respect to the projected planform area and maximum diameter of the body with cir- 
CU ^ r cross sec_t ion. The moment reference point was located longitudinally at 
O.067 of the configuration total length and corresponds to the centroid of vol um e 
of the bodies. The vertical location of the moment reference for the various 
bodies is indicated in figure 1. 


Cl lift coefficient, — 

RS r 
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. , Gross drag 

drag coefficient, 


Pitching moment 

pitching-moment coefficient, qS^d^ 


side-force coefficient, 


Side force 


Yawing moment 

yawing -mo merit coefficient; qS” 

Rolling moment 

rolling-moment coefficient; <lS r d^ 

minimum drag coefficient, C L ~ 0 

lift-curve slope, per deg (a = 0°) 

longitudinal stability parameter, per deg 

. , Normal force 

normal-force coefficient, — 


Cy 0 = zip per des, p = °° 


% = ^ P er 3 " °° 


AH 7 o 

Ci = t-t- , per deg, 3=0 

*■3 Ap 


total cross-sectional area of bodies (fig. 3 ) > S 1 P't 
semimajor axis length of elliptic cross section, ft 
semiminor axis length of elliptic cross section, ft 
equivalent base diameter of body, 2*1 ab , ft 
configuration total length, ft 
lift-drag ratio 
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(l j /D) max maximum lift-drag ratio 

P free- stream static pressure, lb/sq ft 

Pb base pressure, lb/sq ft 


APb 

q 

q 

r 

r b 

s r 

^wet 

x 

x cg 

Z 


pressure coefficient at model base, ^ I P 

' q 

free-stream dynamic pressure, lb/sq ft 

radius of body with a/b = 1.00 at any body length, ft 
base radius of body with a/b = 1.00, ft 

projected planform area of body with a/b = 1.00, sq ft 

tal wetted area of bodies (excluding base area), sq ft 
longitudinal coordinate of bodies, ft 

longitudinal center- of -gravity location 


Z longitudinal center-of -pressure location (a = 0°) , ^£1 _ fb 

^ SCjj- l 

v x integrated body volume at x distance from body apex, cu ft 

angle of attack, deg (see fig. l f or reference lines) 

P angle of sideslip, deg 

0 angle of roll about the body ordinate reference line, deg 

Configuration designations: 


A 

B 

C 

D 

E 


circular body, a/b 
elliptic body, a/b 
elliptic body, a/b 
elliptic body, a/b 
e lliptic body, a/b 


1.00 

1.25 


1.50 


2.00 

2.50 
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Configuration designation subscripts, 
p symmetrical bodies, (^ = 0 

2 negatively cambered bodies, <1=0° 

5 positively cambered bodies, $ = 0° 

4 symmetrical bodies, $ - 90 

MODEL 


Drawings of the various bodies 

uncambered^ircular^body ^"Anca.bered elliptic body Ep are presented 
as figure 2. 

whichfcepresef sff ow-wf e-f af configurationft ^ersSXs^ds! ^ 

body of revolution (the equivalent body) , r = where r represents th 

radius at various longitudinal stations *• b ™^sectional-area distribu- 
tion ™ 

c±= e :;.ct riio. ^ 

The uneambered elliptic bodies were tested f 0 f°bodSf having horizo“tl-° ’ 
with the <f - 90° condition allowing for nSS! of the inves- 

axis-vertical-axis ratio less a 1. • oroBS seot ions „ er e oriented normal to 

tigation (a/b = 1.00 to 2.50, 9 « '' thf , semlmlnor axis and the cross-section 

££££?* (£e fig 1(a)!) Design ordinates for the various uncambered bodies 

are given in table X. 


TESTS AND CORRECTIONS 


number per foot of approximately six -component strain-gage balance, 

forces and moments were measure y f ai - tac ^ range from approximately -1 

The bodies were tested through an ang - - late fal directional stability 

to 18° at angles of sideslip of 0 and ^ Jf b ^ lculatlng average slopes 
derivatives C n p, 311 ip 
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between 8 = 5° and R — >=;0 n j 

freely on the bodies for the iestsXthe p^XrXsXrtiont 10 '' 6 ' 1 ^ °° CUr 

applief to°tofSta? rr Hwever Xid°Moek° ^ nesli ^ lble have not been 
-ahe blockage corrections S aSued as t0 the b ° d ^ “ d 
reference 6. The angles of attack and sidpcn • e y outlined in 

effects of sting an/balanc e 2S^£?S2. ^ COrreCted f ° r the 

was used to ob tain ^he ^erairvalu es ^ f se ^ preSented ' and an integrated rake 

the bodies. Base pressure trillions wftb f es f re coefficient for each of 
ure 4 for each of the bodies tested. Th^ an^le^f attaT T preSented in fi S- 
taken as the line joining the body ape, and the center poi^t of"he bo^ base. 


results and discussion 





and uneambered P bodies haSg^J^f^o^X'iX ' hara ' t<,r t Stic:; for the cambered 
on the longitudinal aerodynLic characteristic, “ tC 2 f°' Th e effects 

1.25 for the symmetrical bodies having d - qn° ° anglng a / b from 2.50 to 
lateral directional stability derivatives ~cl pre f nbed ln fi Khte 6. The 

~ _ iL Y P’ and C Z 6 are Presented in 

T/b” l £L1 %»~J =/ 

iation AtS^Xf itSXX" "°"T' “ d »«o var- 

(aA - P.50, i . oo ^ Pte ente rin^igute^'tth ^ ^ *•» 

parameters c_ . 0 . . (l/d) . " 4’ ‘ ” ° f «“ « 

' L ' U 'max> C T) .mini 


parameters 
figure 10 


^ m a/ 


Ct . 
"a 


max> ^Dymin^ 


C np , and 


Cy Q presented in 


Longitudinal Aerodynamic Characteristics 


or no^effect oHhfbase p^Jsurf wia^ioT witf^ &/h Pr ° duced Httle 

sure coefficient varied only beteeen -0.10 anf-oX 

2 ero angie of attack (fig. 4) and the variation of ^ ^ ^ „ f attack _ 


similar for all uncambered bodies. The difference noted in ^ f or the nega 

- - P^c1X&rr o Ti^aLdXX™ X4° f - bd indicative 

cross-flow effects, ^ attack near the body base due to 


^?b 

q. 
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. _ . n „ ncP o n( i ditching-moment characteristics 

The effects of camber on the lrit, drag^ < * J£ presented in figur e 5 - 

of the bodies having a/b =1-00 to -50 ? 5) results in slight 

Positive camber for the a/b = 1.00 ^0 peases in C D at the hrgher 

increases in C p at a ^ aegative increment in C ra throughout the angle- 
angles of attack, and a s1 ^ for the uncambered body. The opposite 

of-attack range as compared compared with the uncambered body. The 

occurs for the negative, y cam aerodynamic characteristics of the 

small effect of camber on the iongitudin increasing a/b as would be expected, 
a/b = 1.00, flf - 0° body diminished with ^crea^ ^ with decreaseS in 

since a reduction in the amoun ts do not show increments consistent 

the vertical axis; however, the mea camber is seen to be similar to 

with the a/b = 1.00 body._ The small ef ^ and pit ching-moment 

curves) of'cLnber on the longitudinal aerodynamic parameters 


C la> 


0o,min^ (^/o) max' 


Cm^ 311(1 


^cp 

T" 


are noted in figure 10. 


The effects cn the longitudinal aerodynamic : characteristics o ^ J / 

from 2.50 to 1.00 (t - 90°) and from 1.00 to 2.50 <0^°^ from ^creasing 
ure 9 . successive Increases in C L , C D , and m ^ lncreases are pri - 

horlcontal-axis— vertical-mis ratio from ^ wlt jj secondary effects of 

marily a result of increasing e rtderm ore ’ it is observed in figure 9(d) 
increasing the body aspect rati • at tack that considerable improvement in 

from the l/D variation with angle ^^^^^l^rtical-axis ratio, over 
/ T M) is realized by increasing honzontal-aocis vex 

(L/D) max is red.xi j being largest for a/b > 1.00, 

“ series ° f 10 “- fineness - 

ratio cones (ref. l) • 

A summary of the longitudinal aerobic character ifSSS'S- 

bodies having 0 .0020 to 0.0075 result from increasing 

Increases in L a As iously mentioned, the largest increases 

a/b from 1.00 to 2.50 (0 0 }• V -ni inform area. The additional 

in lift-curve slope are due to the addi 10 P & Qf the chan ge in aspect 

increments in lift- curve slope are^^ R ^ Qver the range of increasing 


J CL 


u a 


is 


based on the 


ratio, as can be seen from the increases 

horizontal-axis-vertical-axis ratio of these tests, when 

true projected planform area of each body. 

The variation of minimum i = lent <f 5?^ Increasing °° 

bodies indicates an increasing trend m D>min . reference area. 

or 9 0°) when the coeff ^^ r S e si ^ Se ^ n ^ ^ ^ decreases in C D;min 
Increases m D ,mn _ realized when the coefficients are based on the 

for increasing a/b (0 - 0 ) ar minimum drag coefficients remain 

true body pianform area The fact that that (l/dW continuously 

essentially constant over the entire a/ « 
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production of rati ° lndicates that the 

bodies of increasing flatness and is directlv^e^t f ° r oval - shaped 

as previously mentioned in effects 

The variation of longitudinal stability parameter c with A, • , 
increases in destabil -r 7 i ncr 4 - a /k indicates 

ratio. As a/b *££££ f T^r *3^-* £ horinontal-axis-vertical-axis 

rearward. Similar results were observed at sujr7- ^ Center ° f P« s ^re moves 
fineness-ratio cones having variation in a/b ^ref^l) 7 °° * 5erles of lov - 

Lateral Directional Characteristics 

of the use of bod^c^he^ of changing a/b and 

are presented in figure 7 Pnr’ the . vdng a / d - 1.00 to 2.50 and d = o° 

Investigation, each^f the bodie! irSted^TT* 10Cation of the Present 
stability at low angles of attack, wUh the "frit I* 1 * * * "'" ° f 5tatlc directional 
insignificant below an angle of 7 “ g 

for d = 0 ° at rr - nO Y B and “ C n R 

and c for "« = 90 " 0° ISTSff 7 ““ ““ “? the of 

For the symmetrical bodies, positive (8 “ ^ 10 '> 


-1th a reduction in the angle at which' 113 •!?“” “ “* ° f aMat *’ 

increases in aA for i - O o . , „ ™ S °° CUrS 

is well illustrated in ffgule 8 vLrVr^nT 7 T" W " *° ) ' ^ 

horizontal-axis— vertical-axis ratio i . ° n P n ° ted as 

use of negative camber provides a posit .^ c f eased " Figure J indicates that the 
above an angle of attack of 6° for each of th^ 1 ^ “ directional stability 

ia eX ^ S * ° f l8 °' incons istent repeatability in the^ ^ eStad ’ At ^gles of attack 
caused by severe oscillations probably resulting la ^ ral derivatives was noted, 
vortex street alternating from side to side 2- t formation of a Karman 
has aiso been indicated for a high-fineness- ratlo^h^^ ** hl§h 3118165 of at fack 
(ref. 7). Similar results may be expected * har P~ nose b °dy at low speeds 

effective angle of attack is extremely high pitchin S" moinent variation when the 

Increases in variation of -rs wt-hv. -? 

. Z P h lncreasi ng angle of attack occur as 

jOntal-axis— vpr+-f ooi » . 


, angxe or att 

U c <«»• 7 and 8). 
reauction in -C Qq realized from inerp^ m 


1 '■'J • This effect, 

axis— vertical *v-r « + - . “ n P realized from increasing horizontal- 

ness, while improving^he "T** ° f inCreasin S flat- 

also improve the dynamic directional characterl^^ -1 ’^ 0 ? haracter istics, should 

effects of roll and yaw on the dynamic directional 1CS h° f b ° dies# Analysis of the 

performance configurations may bf found 7refe^ce 8!' 1StlCS ° f ^ 
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CONCLUDING REMARKS 


*» investigation has been “"f g "eff flfh^ ^ « 

of bXl-”n C f- a a“Snfss ratio 10.00, low wave-drag hypersonic body. Results 
of the investigation may he summarized as follows. 

1. Increasing horizontal-axis-vertical-axis ratio ^cates that ' ucing 

shaped bodies of increasing flatness are of drag due to lift is also more 

lift than is the circular body. The production of drag ^ Results in increased 

efficient for oval-shaped bodies ° tal^is— ve rti cal-axis ratio is increased, 
maximum lift-drag ratio as horizontal-axis-verticai 

2. Changing major-axis— minor-axis ratio ^body 0 center ^pressure at 

tal or vertical results in a sligW P. rearward shi ft^mta dyj snter^ 

torifnS-Sis-vef : i?f -f ffratfo results in decreasing longitudinal stability. 

5 . The use of body camber ^ffff t on fif-cufe 

longitudinafstabilitf levelf maximum lift-drag ratio, or body center-of-pressure 
location. 

1. For the moment reference point of the Present investigation each of the 
bodies indicated negative values of static -ku-vS?c 

in directional instability accompanying incre in directional instabil- 

axis ratio for the symmetrical bodies. ^Thes ^ long . tudlnal stablllty for the 

fodyTotSlof y Tf “of negative camber provides a positive increment in 
directional stability above an angle of attack of b . 


Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., June cM- , 19°:? • 
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TABLE I- DESIGN BOOT ORDINATES FOR UNCAMBERED BODIES 


Semimajor- axis; — semiminoi - 


ratio, a/b 


b, in. 


.5119 

.6708 

.8126 

.9430 

I.l801 

l.395 1 + 
1.6904 
1.9615 
2.1322 
2 . 2963 

2.4548 

2.5521 

2.6082 

2.6833 


. 258O 
.4096 ’ 
.5567 
.6501 
.7544 
.9441 
1.1163 ' 
1.5523 
I.5692 
1.7058 
1.8371 
1.9638 
2.0257 
2 . 0866 
I 2.1466 


0 

.3555 

.5608 

• 75 1 +9 
.8902 
1.0330 
1.2928 
1.5286 

1.8517 

2.1488 

2.3557 

2.5155 

2.6891 

2.7758 

2.8572 

2.959^ 


.2355 

• 3739 
.4899 

• 5935 
.6887 
.8618 

1.0190 
1.2345 
1.4325 
1.5571 
1.6770 
1.7927 
1.8492 
1.9048 
| 1.9596 


0 

.4079 
.6475 
.8485 
1.0279 I 
1.1928 
1.4927 
1.7650 
2.1382 
2.4811 
2.6970 
2.9046 
3.1050 
3 . 2028 
3.2992 
3.39^1 


b, in. 

0 

.2040 

.3238 | 
.4243 
.5140 
.5964 
.7464 
.8825 
1 . 0691 
1 . 2406 
1.3485 
1.4523 
1.5525 
1.6014 
1.6496 
1.6971 


0 

.4560 

.72395 

.9486 

1.1492 

1-3335 

1 . 6689 

1.9732 
2.3904 
2.7738 
3-0152 
3-2473 
3.4714 
3.5807 
3 . 6884 
3.7946 
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\P40 

r 


4.80 


Plan v tew A 

t > 


A 2 ,A 3 


Moment reference point 



Side view, symmetrical A, 



Fuselage ordmote reference line Angleof-ottack reference line 



Side view, displaced A, (negative camber) 



Side view, displaced Aj (positive camber) 


(a) Bodies of revolution A 1? Ag, Ay a /b = 1.00. 


Figure 1.- Geometric characteristics 
directions for a, b, and 0 are 
unless otherwise noted. 


of various bodies of 
indicated by arrovs . 


present investigation. Positive 
All dimensions are in inches 




Plan view , B f ,B 2 , B3 ,S/de view, B 4 



Side view , symmetrica i B f ;P!an view, 84 




Side view, displaced B 2 (negative camber) 



Side view, displaced B 3 (positive camber) 

(b) Elliptic bodies B-^ B 2 , B y a / b * 1* 25- 

Figure 1.- Continued. 
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— 4800 



Plan view ,C,,C 2 . C y , Side view, C 4 



Side view, symmetrical C, ■ Plan view,C 4 



S'de displaced C 2 (negative camber) 



End view 


___ ■ ■ 

L 4 

L 192 



I 


— 16.00 

1 

— 1 

u_ 


Side view , displaced C 3 (positive camber) 

(c) Elliptic bodies C v C 2 , Cy C h ; a/b = I.50. 
Figure 1.- Continued. 
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Plan view, D,.D 2 , D 3 ; Side view,D< 



, Aann H 


i 

h— 

16.00 

— n 

75 ry 

— ^ — 



Side view .symmetrical Dyf/on view,D 4 



Side view, displaced D? (negative camber) 



End view 



Side view ,d ispfaced 0 3 (positive comber) 

(d) Elliptic bodies D-^, "Dy a/b = 2.00. 

Figure 1.- Continued. 
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(a) Model A]_; 0 = 0°; a/b = 1.00. L- 62-5683 

Figure 2.- Body of revolution and elliptic body mounted in Langley 7- by 10-foot transonic tunnel. 
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Figure 4 




f.50 




(a) 0 = 90°; uncambered bodies. 

- Base pressure coefficient variation with angle of attack for various bodies of 

investigation . 
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Uncambered 


Negative camber 
Pos i five camber 




a/b=LOO 
s **0° 



UJ a/b = 1.00. 


bodies having finene^f So?T^;T=^ 






(b) a/b = 1.25- 

Figure 5.- Continued. 
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n 


o/b- (.50 

t = 0° 



.20 


. 16 


.(2 


.06 


04 


(c) a/b = I.50. 
Figure 5 .- Continued. 
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Uncambered 



>» 6 - Hr " i t °i 2 50 '” 1 25 





Comber t deg 

0 O 

Negative 0 


Positive O 



(a) a/b = 1.00. 


Flg £r JaMvefvitf °" V ^ iation of ^tena directional stability 
to 2.50 at 0 = 0°. ° dl6S haVlng fineness 10-00 and a/b from 1.00 










Camber t deg 

O 0 

Negative O 


Positive n 



0 4 8 12 16 20 24 

a , deg 

(c) a/b = 1.50. 

FiRure 7.- Continued. 


30 


Camber 

<f>,deg 

0 

0 

Negative 

0 

Positive 

0 


pSgBM 

MB I— ■ 

MB MM 

■ I I i 

MtanHI 

MbJH 

■■HmMbbh 


(d) a/b - 2.00. 
Figure 7.- Continued 

















Camber <f>,deg o/b 

0 
0 


■Ml 

■MB 


BWWMWffTTKgcnniM 


IbbbssbBI 


. „ _ n +n 1 no at 0 = 90° on variation of lateral 

^ of’attacK To, uncage* — ^ 

fineness ratio 10.00. 



















